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Translation of Japanese Reference 
Science of Milk, Meat, and Egg 

5 F. Characteristics of microorganisms used for fermented dairy products 

A wide range of microorganisms are used for fermented dairy products, such as 
fermented milk, fermented butter, and cheese, and such organisms include the representative 
lactic acid bacteria, and certain other specific bacteria, yeast, and mold. The types of such 
microorganisms and their metabolic characteristics and utility will be described below. 
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[1 ] Types of microorganisms used in dairy products 

Table 4-16 shows examples of products that effectively use the various metabolic 
characteristics of microorganisms in the field of dairy products, and the types of microorganisms 
used exclusively as starter microorganisms for the various dairy products. While cheese and 

15 fermented milk are the main dairy products that use microorganisms, fermented cream and 

fermented butter have been known from long ago, and recently, as a special example, products 
(such as sweet acidophilus milk) have appeared, that have been produced by simply 
supplementing drinking milk with a cell concentrate of microorganisms (mainly lactic acid 
bacteria) without accompanying fermentation step. 

20 Cheese is made into its final product by a production process involving fermentation 

and ripening after curd preparation by maintaining a predetermined low temperature and high 
humidity level. Generally, lactic acid bacteria such as Str. lactis, Str. thermophilics, and L 
bulgaricus are used for fermentation and ripening of hard (cheddar, Colby, Swiss, Gouda, Edam, 
etc.) and super-hard (Parmesan, Romano, etc.) cheeses, but Swiss cheese is characterized by the 

25 addition of propionibacteria (for example, Prop, shermanii). On the other hand, aerobic 

bacteria or mold-yeast are often used besides lactic acid bacteria for semi-hard and soft cheeses. 
Representative surface ripened cheeses produced by aerobic bacteria (such as Brevibacterium 
linens) include brick, Tilsit, and Limburger cheeses, and among mold ripened cheeses, blue and 
Roquefort cheeses that use blue mold (for example, R roqueforti) are well known and constitute 

30 representative semi-hard or soft cheeses together with Camembert cheese that uses white mold 
(for example, P. camemberti). 

Fermented milk is mostly produced based on the lactic acid fermentation process of 
lactic acid bacteria (such as L. bulgaricus, L. acidophilus, and Str. thermophilus), but 
bifidobacteria are also widely used these days. In contrast to such acid-fermented milk (so 

35 called acidified milk), alcohol-fermented milk (so called koumiss) uses alcohol fermentative 
yeast together with lactic acid bacteria. 
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According to Marshall (1984), there are four types of fermented milk in the world 
according to the microorganism used and the place of production. More specifically, they are 
Group I that includes Scandinavian butter milk, Ymer, and Villi, which are produced mainly in 
Northern Europe using Str. lactis subsp. diacetylactis or Leuc. cremoris (= citrovorum) as the 

5 main starter lactic acid bacteria, and also the American cultured butter milk; Group II that 

includes Bulgarian milk, acidophilus milk, and bifidus milk, which only use Lactobacillus as the 
starter and are produced in Bulgaria, and parts of Europe, as well as in America and J apan; 
Group III that includes yogurt and Dahi produced mainly in the Middle East and India, and also 
widely in leading dairy countries including Europe and America by mixing Streptococcus and 

10 Lactobacillus; and Group IV that includes kefir, koumiss, and Laban produced in the Soviet 
Union, Eastern Europe, Lebanon, and such using alcohol-fermentative yeast (for example, 
Saccharomyces cerevisiae and Candida pseudotropicalis) in addition to Streptococcus and 
Lactobacillus. Among them, the primary objective in Groups II and III is lactic acid 
fermentation, whereas in Group I the aim is flavor production, and in Group IV the aim is 

1 5 alcohol fermentation. 

[2] Metabolic characteristics of starter microorganisms 

The above-mentioned various starter microorganisms used for fermented dairy products, 
each have distinctive metabolic characteristics, and among them, the major metabolites of starter 
20 microorganisms used for fermented milk are shown in Table 4-17. The main modes of 

metabolism of lactic acid bacteria including those in lactic acid bacteria-utilizing dairy products 
other than fermented milk are as listed in the left column of Table 4-18. 



Table 4-17 Starter microorganisms for fermented milk and their major metabolites 



Starter microorganism 


Major metabolites 


Starter microorganism 


Major metabolites 


Mesopniiic Daciena 




Thermophilic bacteria 




Str. cremoris 


Lactic acid 


Str. thermophilus 


Lactic acid, 








acetaldehyde 


Str. lactis 


Lactic acid I 


L. bulgaricus 


Lactic acid, 








acetaldehyde 


Str. lactis subsp. 


Lactic acid, diacetyl 


L. lactis 


Lactic acid 


diacetylactis 








Leuc, cremoris 


Lactic acid, diacetyl 


Yeast 




(citrovorum) 








L; acidophilus 


Lactic acid 


Sacck cerevisiae 


Ethanol, C0 2 


L. brevis 


CO2, acetic acid, 


Candida (Torula) 


Ethanol, C0 2 




lactic acid 


kefir 




L. casei 


Lactic acid 


Kluveromyces fragilis 


Acetaldehyde, CO2 



(Marshall, 1984) 
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Table 4-18 Mode of metabolism of lactic acid bacteria and examples of utility associated with 
metabolism 



Main mode of metabolism of 
lactic acid bacteria 



- Lactic acid fermentation, 
homo- and 
hetero-fermentation, 
malolactic fermentation, 
phosphorolysis of lactose 

Aroma production, 
production of diacetyl and 
acetoin from citric acid 

- Acetaldehyde accumulation 
(glucose-derived & 
threonine-derived) 

- Proteolysis (amino acid 
production) 

- Amino acid degradation 
(organic acids, volatile fatty 
acids, carbonyl compounds, 
esters) 

- Sucrose — > dextran 
production 

- Hippuric acid — > benzoic 
acid 

- Isomerase (production of 
fructose from glucose) 



Utility associated with metabolism of lactic acid bacteria 



- Amino acid increase "V Nutritional improvement 
Vitamin B family increase 

- Measures against intolerance due to decrease in lactose 
Bactericidal action of lactic acid 

- Suppression of pathogenic bacteria by antibacterial substances 

- Antibacterial activity due to H2O2 or benzoic acid production 

- Antagonistic action against pathogenic bacteria 

- Suppression of Bi deficiency by suppression of Bi 
decomposing bacteria 

- Preventive treatment against diarrhea, constipation, and 
production of putrefactive substances 

- Improvement of superinfection 

- Prevention and treatment of radiation injury 

- Retention of vaginal acidity and defense against vaginal 
infection 

- Nutritional improvement in the form of fermented milk for 
infants 

- Enteric colonization of useful lactic acid bacteria 

- Prevention of carcinogenesis by degradation of nitrosoamine 

- Prevention of development and progress of ascitic cancer 

- Intake as a lactic acid bacteria formulation 

- Decrease of cholesterol 
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(a) Metabolic system for lactic acid fermentation 
(1) Degradation of lactose 

When lactic acid bacteria degrade lactose, the main metabolic system involved degrades 
lactose into glucose and galactose using P-galactosidase, then glucose enters the EMP pathway 
via glucose-6-phosphate, while galactose is converted to glucose-6-phosphate by the Leloir 
pathway, and then similarly enters the EMP pathway. Alternatively, in Str. lactis, Str. cremoris, 
and L. casei, tagatose pathway (so called because tagatose-6-phosphate is produced in the 
pathway) is also known, in which phosphate is added to lactose, then this is degraded to 
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galactose-6-phosphate and glucose, and then inserted into the middle of the EMP pathway. 
(2) Production of lactic acid 

There are two forms of lactic acid fermentation: homofermentation which produces 
more than 85% lactic acid, and heterofermentation which produces approximately 50% lactic 

5 acid and also C0 2 , and acetic acid or ethanol. Meanwhile, since different bacterial strains carry 
different types of lactate dehydrogenases, any of the three optical isomeric forms of lactic acid, 
D(-) (levorotatory), L(+) (dextrorotatory), or DL (optically inactive), may be formed. 

Except for the genus Leuconostoc and some strains of Lactobacillus, major lactic acid 
bacteria used for fermented dairy products carry out a homofermentation-type lactic acid 

1 0 fermentation, and their metabolic pathway is the EMP pathway that starts from 

glucose-6-phosphate and goes through pyruvic acid, and ultimately produces 4 M of lactic acid 
from 1 M of lactose. On the other hand, in heterofermentation, glucose-6-phosphate goes 
through phosphogluconic acid, and through the HMP pathway, produces lactic acid and C0 2 , and 
also acetic acid under reductive conditions, and ethanol under oxidative conditions. In this case, 

15 1 M of lactose produces 2 M each of lactic acid, acetic acid (or ethanol), and C0 2 . Some 
strains of Lactobacillus such as L. arabinosus are known to carry out malolactic fermentation 
(used in wine production) which converts malic acid into lactic acid with a weak acidic taste. 

(b) Metabolic system for aroma production 
20 (1) Production of diacetyl and acetoin 

Lactic acid production from pyruvic acid by the EMP pathway takes place only when it 
is accompanied by conversion of NADH, a byproduct produced during the pathway, to NAD. 
However, when NADH is insufficient, or when growth is weakened due to lack of amino acids, 
the reaction does not proceed, and some lactic acid bacteria such as Str. lactis subsp. diacetylactis, 
25 and Leuc. cremoris convert pyruvic acid to active aldehyde (thiamine pyrophosphate 

(TPP)-bound acetaldehyde) and further react this with the secondarily produced acetyl CoA (C0 2 
is produced as a byproduct) to produce diacetyl. 

Str. lactis subsp. diacety lactis, and Leuc. cremoris cleave citric acid in raw milk to 
produce oxaloacetic acid and acetic acid, and oxaloacetic acid breaks down into pyruvic acid and 
30 C0 2 . This step does not produce NADH; therefore, as described above, pyruvic acid is 

converted to active aldehyde and acetyl CoA, and then diacetyl is produced. Production of 
acetoin (with C0 2 as a byproduct) from acetolactic acid that is produced from the reaction 
between pyruvic acid and active aldehyde is also known. The thus produced Diacetyl is 
reduced to acetoin in the presence of NADH, and similarly, acetoin is reduced to 2,3-butanediol 
35 to form the aroma of fermented milk and fermented butter. In alcohol fermentative yeast, 

acetaldehyde formed by decarboxylation of pyruvic acid is known to react with active aldehyde 
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to produce acetoin. 

(2) Production of acetaldehyde 

As described above, active aldehyde and acetyl CoA produced from pyruvic acid causes 
accumulation of acetaldehyde (release of TPP or production of C0 2 as a byproduct of 

5 decarboxylation) depending on the bacterial strain and culturing conditions, and particularly in 
yogurt, conversion of acetyl CoA to acetaldehyde by Str. thermophilus is known to be 
pronounced. On the other hand, in L. acidophilus and L. bulgaricus, threonine produced by 
proteolysis is cleaved into glycine and acetaldehyde, and it is said that since NADH that reduces 
the latter into ethanol is insufficient, acetaldehyde accumulates. 

1 0 This acetaldehyde is said to be the main substance in the flavor called yogurt smell 

found in yogurts, and combined use of the starter lactic acid bacteria described above will 
considerably increase this flavor. However, its excessive production is called green flavor, and 
its coexistence especially in fermented milk that has pronounced diacetyl/acetoin production 
becomes a defect. 

15 

(c) Metabolic system that accompanies proteolysis 
(1) Amino acid production from proteins 

Generally, proteins are degraded by proteinases into peptides, and furthermore by 
peptidases to amino acids. The ability of lactic acid bacteria to secrete such proteolytic 
20 enzymes is weak, but extracellular, intracellular, and cell surface layer-bound proteases that have 
a neutral or slightly acidic optimal pH are known, and many of them show higher degradation 
activity in Lactobacillus than in Streptococcus. However, in the genus Streptococcus, bacterial 
strains such as Str. faecalis subsp. liquefaciens are also known, which have strong proteolytic 
activity that liquify gelatin. Although the proteolytic character of lactic acid bacteria used for 
25 fermented milk is weak, the amino acids produced by degradation are indispensable to the 
growth of highly auxotrophic lactic acid bacteria, and a known example is threonine which is 
important for acetaldehyde production (see previous section). 

Lactic acid bacteria play an important role in the ripening of cheeses, and molds 
belonging to the genus Brevibacterium and Penicillium, which are used for semi-hard and soft 
30 cheeses, produce potent proteases and shorten the ripening time. However, including lactic acid 
bacteria, among the peptides produced as intermediates in the cheese ripening process, there are 
some that produce a bitter taste. Production of bitter-tasting peptides tends to take place when 
the ability to produce peptidases is lower than the ability to produce proteases, and the bitter taste 
is said to be related to the types of casein, and the amino acid cleavage sites when peptides are 
35 cleaved, and their sequences. 

(2) Production of low-molecular weight compounds from amino acids 
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Various low-molecular weight compounds are produced from amino acids by enzymes 
produced by the starter microorganisms and some contaminating microorganisms. 
Decarboxylation of amino acids produces amines and C0 2 , and deamination produces fatty acids 
or keto acids, and NH 3 . Volatile aldehydes are also produced in the Strecker degradation of 
5 amino acids, and together with non-enzymatic reactions among the produced substances, various 
flavor components such as fatty acids, keto acids, volatile carbonyl compounds, and volatile 
sulfur compounds, combine in a complex manner to complete the ripening of cheeses. In 
particular, the metabolic mechanism for cheeses ripened with aerobic bacteria or molds becomes 
all the more complex compared to that of hard cheeses produced only with lactic acid bacteria. 

10 

(d) Other metabolic systems 

(1) Propionic acid fermentation 

Propionibacteria (such as Propionibacterium shermanii) used for Swiss cheese produce 
pyruvic acid from glucose via the EMP or HMP pathway; meanwhile, lactic acid produced by 
1 5 lactic acid bacteria is converted to pyruvic acid by NAD-independent lactate dehydrogenase 
(LDH). The thus produced Pyruvic acid produces Propionic acid with methylmalonyl CoA or 
propionyl CoA as intermediates, and also produces acetic acid and C0 2 as byproducts via acetyl 
CoA, to give this type of cheese its characteristic pungent flavor and gas holes (cheese eyes). 

(2) Lipolysis and its byproducts 

20 Milk fat triglyceride is degraded into fatty acid and glycerine by lipase in rennet and 

lipase produced by the starter microorganism to constitute the flavor of ripe cheese, and aerobic 
bacteria and molds are known to further convert fatty acids to other flavor components. In 
particular, in molds such as P roqueforti, first, fat is degraded to fatty acid by lipase, 
involvement of P-oxidation thereafter produces ketoacyl CoA, then thiohydrolase produces 

25 P-keto acid, furthermore, decarboxylase produces methyl ketones, and reductase produces the 
corresponding alcohols. In addition, fatty acid esters and aldehydes are produced as 
byproducts. 

(3) Dextran fermentation 

Leuc. dextranicum breaks down sucrose into fructose and glucose, and polymerizes the 
30 glucose portion to produce dextran, which is a viscous sugar. In coffee-milk beverage dextran 
becomes a drawback in terms of stickiness, while it is useful as a blood substitute. 

(4) Others 

In addition to the above, in Lactobacillus, an enzyme system that cleaves hippuric acid 
in milk into benzoic acid and glycine is known, and an isomerase that can enhance sweetness by 
35 changing glucose into fructose is also known. 
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[3] Utility of lactic acid bacteria in fermented milk 

Regarding the utility of fermented milk associated with lactic acid bacteria metabolism, 
research has advanced particularly in recent years since the postulation of MetchnikofFs theory 
of longevity, and various utilities such as those shown in the right column of Table 4-18 have 
been elucidated. First, in terms of nutritional effects, increase in amino acids due to proteolysis 
and increase in parts of the vitamin B family in fermented milk are known. In terms of 
health-mamtaining and medical effects, conversion of lactose to lactic acid by fermentation is a 
measure that can be taken against lactose intolerance, and the produced lactic acid itself exhibits 
antibacterial effects against harmful intestinal bacteria. 

Certain lactic acid bacteria provide preservative effects by producing H2O2 or benzoic 
acid (described above), and other known lactic acid bacteria-produced antibacterial substances 
including nisin (Str. /acf/s-produced thermostable peptide), an analogous diplococcin (produced 
by Str. cremois), and acidophilin (produced by L. acidophilus). Regarding specific examples of 
applying fermented milk to lactic acid bacteria therapy, fermented milk has been clinically 
administered and has been found to be effective for aneurinase (a type of Bi deficiency), diarrhea, 
constipation, dysentery, superinfection after administration of antibiotics, radiation injury, 
vaginal infection, burns, and such. 

Recently, from animal experiments and clinical tests, it is becoming to be accepted that 
administration of fermented milk suppresses carcinogenesis due to nitrosoamine and 
development of ascitic cancer, and decreases blood cholesterol. Similar medical effects have 
been known in fermented milk that uses bifidobacteria, and effective examples such as 
prevention or treatment of intestinal diseases and liver diseases, increase in the lifespan of mice, 
and such have been reported. 

[4] Breeding and modification of lactic acid bacteria and applications thereof 
With the application of lactic acid bacteria in the field of biotechnology referred to as 
cell engineering and genetic engineering, quite recently, studies on attempts to breed and modify 
the metabolic characteristics of lactic acid bacteria are advancing. Among lactic acid bacteria, 
the first attempt to introduce such gene transduction to strains relating to fermented dairy 
products was gene transduction in Str. lactis and Str. cremoris carried out around 1962, and in the 
1 970's, various lactic acid bacteria plasmids were discovered. Plasmids are cyclic DNAs 
having a molecular weight of 10 6 to 10 8 (1 to 100 megadaltons) found outside the nucleus in 
bacterial cells, and functions found to be genetically transferred by the lactic acid bacteria 
plasmids are lactose fermentation activity, protease production, diacetyl production, antibiotics 
production, antibiotic resistance, specific mineral (for example, As and Cr) tolerance, and such. 
More specifically, since many of the metabolic characteristics of lactic acid bacteria deeply 
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involved in the production of fermented dairy products are present on the plasmid, it is becoming 
possible to produce lactic acid bacteria with high metabolic activity and to improve their 
production processes, such as fermentation, through gene transduction operations by breeding 
and modifying a useful type of lactic acid bacteria. 

5 Methods for gene transduction include transformation, transduction, conjugation, 

protoplast (cytoplasm after eluting the cell wall) fusion, but in particular, transformation and 
protoplast fusion (also called cell fusion) have been attempted in lactic acid bacteria. However, 
at present, such breeding and modification have only proceeded to the stage of plasmid genetics 
such as those described above, and practical applications of breeding and modification by 

10 extensive genetic engineering will be the next challenge. 
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<tC0 2 ££l&L, KT5 yKioTlBKil^^ hBt NHs«:4fi6-r4. 7i/S©x 
h U-y *-»»-ett»HSttTA/7'k K4>£fiS*ft, 4fiRWBl©***WRfi5feJDt)oT, &s 
©flgfffii?. *KB, »?£tt*^*-Mt£tl, »f6tt«EH<k^«!i«t*©ai*fiR7>**«I^WKB 

o fcJBT? * - X ^ $ # * o «f £ » mttfflS ^ * e © #^ - X Tf J± III?! fc* © 

«R*-*.fc!5i*©tt»B*#Hia*i£tt5o 
(d) *©«i<Dtttti& 

(1) -fuM*yW$3& ^4 7.^-X\r:Wi^hV'^ ^tyWMiPropionibacteriumsher- 
manim)l$f»?-*frb EMP X(i HMP HSS£liT f;i/ 1' vB££l&1-£-£, fLBB 

Ifcf^t'yfliy n -^1/ CoA ^7" a CoA ^faWt LT7°o tr* yf?- 

£lfri-*££t>fc. T-b^^CoA*STftBiCOi*liJ4L. d ©S©^ - XK-W&Utm 

( 2 ) BBfi«-»4 ^©M^&lS* ?L^SK h U f U -M KJi u v * b ©+© 'J ' £ 
x * - * -m£tiS£© U tfic J; oTMKBi ^ 'J * 'J v Jcai!**ttT*Ufcf--*©R* 
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&nt^«. ftKP. ro W fortitt^O*«ttU^-«*f , ni»«l»»K»»«. *® 
( 4 ) *©flt EA±©ffefc Lactobacillus JCfc^T4 i ?L*©^RK*^-&SKt ^ 'J * y 

Jacfcis S^»S5Ett^7 , 5 L K), IHEUDf 4 7° a => •» * V (Str. ere/runs ££), T > K7 A 'J 
y(L. a«dop^us^)^^©?L^S^©6 : tai4t)Sfc^^tiT^?»o a*Wtt*J*B«fc 
^©£B?l«D£ffl0!T?tt. ?y 4 U 7— *(B, T«. £». ffi£4&l« 

SBSJCJS^T. C©cfc7/«£jtftiH^^3fAL/:^©^«±1962^C'6© Str. toctis^Str. 
cr«norislC*itfS^K*A-e*4**. 1970Wft AoT&ffi©?ll^7-7 * 5 K#8H.*tt 
T^fco 7'7X 5 K(iWffllSl*)©^Mc*^^*10 6 ~l0 8 (l~100 y #50u h y)©»«DNA 
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